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SAFE PRACTICE IN THE USE OF WIRE ROPES IN 
MINES. 


By R. H. Kupticn and O. P. Hoop. 


INTRODUCTION. 


In the course of its investigations of safety in mining, the fuels and 
mechanical equipment division of the Bureau of Mines collected much 
information bearing on the use of wire rope. This paper outlines 
approved practice and the more important precautions to insure 
safety. No attempt is made to go into details minutely nor are such 
disputed questions as the merits of flat ropes discussed. The paper 
aims simply to emphasize the essentials of good practice and to give 
the reasons underlying such practice. 


SIZE OF ROPE. 


Never exceed the working load of the rope as given in the manu- 
facturers table. The rope must have a factor of safety to allow for 
wear, corrosion, and severe strains due to starting, etc. 

The factor of safety is calculated by dividing the breaking strength of the rope by 


the sum of the weight to be hoisted plus the weight of rope in the shaft. The table 
below gives values for the factor of safety recommended by the Bureau of Mines.¢ 


TABLE 1.—Hoisting rope safety factors for various depths of shafts. 


Minimum Minimum 


factor of 

Length of rope. seetat BE safety when 

Rees a6 rope must be 
Pe. | discarded. 

Feet. 
500OF 1688 .cewecsecaccansees 8 6.4 
500 to 1,000 ...........022-- 7 5.8 
1.000 to 2,000. .............. 6 5.0 
2,000 to 3,000... ......--24.. 5 4.3 
3,000 and more.. .........- 4 3.6 
MATERIAL. 


The material of the rope should be adapted to the service in which 
it is to be used. Use soft steel rope in shallow shafts where there is 
strongly acid water and the drums or sheaves are small. Use hard- 


a Ingalls, W. R., Douglas, James, Finlay, J. R., Channing, J. Parke, and Hommond, John Hays, Rules 
and regulations for metal mines: Bull. 75, Bureau of Mines, 1915, p. 112. 
5 
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6 SAFE PRACTICE IN USING WIRE ROPES IN MINES. 


drawn steel or plow-steel rope in deep shafts, on slopes, or on 
rope-haulage ways. 
Rope made of the softer grades of steel is more flexible and less affected by corrosion, 


whereas rope made of steel of high tensile strength is not so heavy for a given strength 
and resists abrasion better. 


CONSTRUCTION OF ROPE. 


The construction of the rope should be adapted to the service in 
which the rope is to be used. Where flexibility is required, a rope 
of a large number of small wires may be used if it is not subject to 
excessive external wear, whereas a rope made of a smaller number 
of larger wires must be used where the rope is subjected to severe 
external wear. 

The smaller the wires of which the strand is made the greater the strength and 
flexibility of the rope. In vertical shafts the rope generally used is made of six 
strands of 19 wires each, laid around a hemp core. In slopes and on haulageways 
where the rope is subjected to excessive wear by rubbing against the sides, floor, and 
roof, the rope generally used is composed of six strands of seven wires each, laid around 
a hemp core. 

LAY OF THE ROPE. 

Lang-lay rope should be used except where the tendency of the 
rope to untwist is harmful and can not be resisted. In such places 
regular lay ropes, or special nonspinning ropes should be used. 
Lang-lay rope should be used especially where external wear is 
severe, if it can be prevented from untwisting. 

In the most common form of rope the wires are laid into round strands. Such ropes 
are either regular lay or lang-lay; that is, the wires and the strands are laid in opposite 
directions or in the same direction. Regular lay rope does not tend to untwist when 
loaded, but only a small portion of each wire in a strand is subject to external wear 
against sheaves, drums, and to internal wear against the wires of the other strands. 
Lang-lay rope tends to untwist under load, but a considerable length of each wire 
comes in contact with the sheaves or drum or with the wires of another strand, and 
thus wear on the outside of the rope is distributed and ‘‘nicking” of the inside wires 
is greatly reduced. 

LENGTH OF ROPE. 

New ropes must be long enough to permit cutting off the end and 
resocketing six times or more. At least two laps of rope must be on 
the drum when the cage, car, or skip is at the bottom of the hoist 
after the last cutting has been made. Ropes used on shafts or slopes 
for handling men must be in one piece from end to end and not spliced. 
Ropes used on slopes where men are not handled and on haulage 
ways may be spliced, but the splice must always be made sufficiently 
long to allow the strands to lock well into one another. 


Directions for splicing rope may be obtained from any wire-rope manufacturer. 
They are the result of much experience and testing and should be followed exactly 
when making a splice.@ 


@ John A. Roebling’s Sons, Trenton, N. Y.: The splicing of wire rope, 1917, 54 pp.; Broderick & Bascom 
Rope Co., St. Louis, Mo.: Price list K, 1913, p. 44; Macomber & Whyte Rope Co., Kenosha, Wis.: Cat- 
alogue M, 1917, p. 114. 
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SAFE PRACTICE IN USING WIRE ROPES IN MINES. 7 


In balanced hoisting, the length of the two ropes must be so 
adjusted that when one cage or skip is at the top landing the other 
will just rest on the bottom. 

Any slack rope will cause the cage to start with a jerk, especially if the engine is 
started rapidly. This jerk, repeated with each hoist, causes severe stress in the rope 
and will soon result in serious injury to it. 

The effect of the jerks may be considerably diminished by interposing springs 
between the rope and the weight of the cage. 

As the rope stretches the slack should be taken up before it becomes too great. 
When the rope is new it will be necessary to take up the slack rather often, but as the 
rope is used it stretches less and need not be adjusted so often. 


SHEAVES AND DRUMS. 


Sheaves and drums must be at least as large as the minimum size 
recommended by the rope manufacturer and should be as large as 
conditions permit. Sheaves must be well balanced, as light as is 
compatible with strength—in order to cut down inertia in starting 
and stopping—and should have well-oiled babbited bearings. 

In good practice, the diameter of sheaves should be 66 to 100 times the diameter of 
the rope. Ropes made of large wires and steel of high tensile strength require larger 
sheaves than the minimum specified for that size of rope. If the sheaves are heavy, 
poorly balanced, or the bearings are not in good condition, the rope will slip on the 
sheave at starting and stopping, with resultant wear. Sheaves with smooth, well- 
chilled iron throats or with rubber-lined throats will last longer and wear the rope less 
than those with rough, soft-iron throats. The plane of rotation of the sheave must be 
exactly in the plane of the entering and leaving rope, to prevent chafing and wear 
of the rope. 

POSITION OF DRUM. 

The hoisting drum must be so set that the maximum {leet angle 
will not cause the rope to crush against or climb upon the rope 
already on the drum or rub against the sides of the groove of the 
sheave or the grooves of a grooved drum. Usually it is advisable to 
make the drum long enough to carry all the rope in one layer, in order 
to lessen the wear and crushing of the rope. 

The maximum fleet angle will vary with the size of rope, and with the size, and 
shape, and length of the drum. Anangle of 14 degrees on either side of a plane passing 
through the center (hoisting) line of the shaft or the slope and the sheave, is permissi- 
ble for ordinary proportions of rope and drum. The fleet angle for extra small or long 
drums should be calculated for each drum. 


IDLER SHEAVES AND ROLLERS. 


On slopes the rope must be kept from dragging on the ground by 
rollers or idler sheaves. These should be light, true, and supported 
on easy-running bearings to make them start and stop easily. The 
rope must be prevented from rubbing against the side walls, roof, 
or bottom at curves, by a series of small rollers or sheaves so placed 
as to cause only a small deflection angle at each roller. The diameter 
of such turn sheaves or rollers should be at least eight-tenths of the 
deflection angle times the diameter of the rope. 
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8 SAFE PRACTICE IN USING WIRE ROPES IN MINES. 
HANDLING AND STORAGE OF ROPE. 


» Rope must be stored in a dry place; it must not be kept in a place 
so hot as to destroy the hemp core. If a rope is stored outdoors, 
the reel must be raised off the ground and well protected from the 
weather. In moving a reel of rope the bearing should always be on 
the flanges of the reel and never on the rope. To uncoil the rope, 
the reel should be mounted on a horizontal support and allowed to 
revolve as the rope is drawn off. A rope must never be pulled up 
over the flange of the reel when laid on its side. A rope must never 
be allowed to kink. Before the load is attached a rope must be 
hung loose in a shaft and allowed to twist or untwist as much as it 
will under its own weight. 


ATTACHMENT OF ROPE. 


The rope may be attached to its load by means of a socket, or it 
may be bent back on itself to form an eye and the loose end clamped 
to the rope with rope clips or clamps. Properly done, the former 
method of attachment develops the full strength of the rope, but it’ 
has several disadvantages. Poor workmanship is concealed, showing 
only when the rope slips or breaks in the socket; it can not be readily 
inspected; the rope is rigidly held in the socket and the effect of 
bending is concentrated just above the socket; and it is much more 
difficult to make. The latter method, fastening by clips, develops, 
at most, only about 85 per cent of the strength of the rope—usually 
not more than 80 per cent; bruises and crushes the rope where the 
clips are applied, and is liable to slip; but it can at all times be 
readily inspected and requires little skill in making. Rope makers, 
however, recommend the socket method of fastening, and if properly 
made it never fails. After either a socket or clamp attachment is 
made it. must always be tested by making several trips under a 
heavy load before men are allowed to ride. 

The method of making the socket joint is as follows: The rope should be securely 
seized ‘or bound at the end with soft iron wire before the end of the rope is cut square. 
An additional seizing should be placed on the rope a distance equal to the length of 
the socket from the end. After the rope is trimmed off, the seizing on the end of the 
rope should be taken off, the rope opened down to the second seizing, the hemp 
center cut out and the wires broomed out. That is, they should all be untwisted but 
not straightened. Then the wires should be thoroughly cleaned in benzine, naphtha, 
or gasoline, as far as they are to be inserted in the socket, and then dipped in com- 
mercial muriatic acid for 30 to 60 seconds until the acid has cleaned each wire. Next, 
the rope end should be dipped in boiling water, to which a small amount of soda has 
been added to clean off and neutralize the acid. Then the rope end is inserted in the 
socket and warmed, if the temperature is below 65° F., to prevent cooling the zine 
too rapidly. The socket is placed with its axis vertical and coinciding with the axis 
of the rope, the bottom is sealed with clay or putty, and molten zinc or spelter, heated 
to a temperature that will just char wood, is poured into the socket until it is full. 
The socket should preferably be forged from one piece of soft iron, without welds. 
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The clamped attachment is made as follows: The rope is bent back over a thimble 
of the proper size and the loose end clamped against the long end of the rope with the 
proper number of clips. The Crosby type of U-bolt-and-drop-forging elip has proved 
most satisfactory. The clips should be spaced a distance equal to six times the 
diameter of the rope apart, the drop forging being against the long end and the U-bolt 
against the loose end of the rope. The number of clips required to develop approxi- 
mately 80 per cent efficiency of the rope and the proper length of wrench to tighten 
the bolts are given in the table. 


Number of Crosby-ty pe rope clips required to develop 80 per cent of strength of 6-19 plow- 


sleel rope, 


‘ Lenzth of 
Diameter of Number of | wrench to Efficiency. 
rope. CUPS. tighten bolts. | : 
| | 
J ~ = y | 
Inches. | Inches, | Percent 
3 5 Is | 77.39 
7 3 m  | ans 
’ 77 
Z It 5 24 | 80.00 
Ik 6 ws | X2.15 


The clips must be carefully inspected each day and tightened if they show any 
signs of loosening throueh the stretching of the rope. 


RENEWAL OF ROPE FASTENINGS. 


If one broken wire is found in the rope at the fastening, the fastening 
should be cut off and renewed. 

Even if no broken wires are found the rope must he cut off and the 
fastening renewed periodically, as this is the weakest part of the rope 
and most liable to suffer from bending and vibrating stresses. The 
length of time between renewing fastenings should vary with the 
life of the rope. The following table gives the period recommended 
in “Rules and Regulations for Metal Mines” :4 


Time interval permissible between resocketings for ropes of various expected terms of 


service. 
Average Time Average Time 
lonzth of between length of between 
service. ‘resockcting.| service. rokeseetige 
i : -| — 
Months | Months. Months. Months, 
6 1 18 3 
8 Ih 21 34 
10 2 24-36 4 


| | 


A piece of rope equal in Jength to half the circumference of the 
sheave should be cut off when a fastening is renewed, so as to bring a 
new part of the rope in contact with the sheave where the wear is 
most severe. 

After three years in service, even if idle, rope may not be used unless 
tested for ultimate tensile strength. 


for metal mines: Bull. 75, Bureau of Mines, 1915, p. 122. 
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10 SAFE PRACTICE IN USING WIRE ROPES IN MINES. 


Unlay the piece of rope cut off and examine the inside wires for 
corrosion and wear. :f they are broken, badly worn, or corroded, 
cut off another piece and examine it. If a considerable length of 
rope is in bad condition, the rope must be discarded. _ 

At some mines it has proved advisable to turn the rope end for end after it has been 
in service some time, thus equalizing the wear on the two ends. 

If the same size rope is used in two shafts, in one of which men and material are 
hoisted, and in the other material only, it is well to use a new rope first in the former 
shalt until it shows signs of wear and then put it in the latter and wear it out there. 
Likewise a rope can be used first on a shaft and then worn out on aslope or haulage way. 


SAFETY CHAINS. rs 


Where the height of sheave above the landing permits, safety chains 
attached to a clamp a short distance above the socket may be used as 
an additional precaution. The clamp should depend only on friction 
to prevent its slipping on the rope and it should not be roughened to 
grip or distort the wires of the rope. The rope must not be heated by 
pouring lead into the clamp. The clamp should never rest on the 
socket and the safety chains should be slack so the weight of the cage 
comes on them only when the socket or drawhead has been broken. 


ATTACHMENT OF ROPES ON SLOPES. 


When the rope must be uncoupled from the cars, it may be attached 
by a socket and chain or by a shackle. But when the rope is perma- 
nently attached to the car, it is safer to pass the rope entirely around 
the car, clamping it to the car at various places, and to clamp the 
free end of the rope to the rope above the car. 


LUBRICATION OF ROPES. 


A hoisting rope should be considered as a piece of machinery, having 
many wearing surfaces that must be thoroughly lubricated. The 
lubricant should consist of oils and greases that will penetrate between 
the wires and the strands, and should not harden on the outside. A 
lubricant that hardens is cracked while bending over the sheaves and 
drums, so that moisture can penetrate to the center and cause 
internal corrosion. 

Tar should never be used; it forms a hard shield on the outside 
of the rope and does not penetrate and lubricate the inner parts. 

If possible, the rope should be lubricated when dry, so as to give 
the lubricant a better opportunity to penetrate the core and to 
adhere to the wires. 

The lubricant must be applied often enough to keep the wires well 
covered and to keep the hemp core from drying out. All the accu- 
mulated dirt and gummed lubricant should be cleaned from the 
valleys between the strands of the rope so that the fresh lubricant 
can penetrate. 
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The rope may be cleaned by scraping and the use of a wire brush, or with a special 
device that permits a great number of jets of compressed air to play on the rope, 
removing all old lubricant and dirt. 

The lubricant may be poured on or applied with a brush, but the most thorough and 
economical method is to apply it with a special device by which the lubricant is 
applied to all sides of the rope and the excess wiped off. For vertical ropes this 
device consists of a box and for inclined or horizontal ropes a trough that may be 
clamped around the rope, allowing the rope to pass through. This box is kept filled 
with the lubricant and the rope passing through it is covered on all sides with the 
lubricant. A wiper on the upper end of the box wipes off the excess and returns it 
to the box. 


INSPECTION OF HOISTING ROPES. 

Hoisting ropes should be inspected at least once a day and their 
condition noted and recorded by a competent man, who must be 
held responsible for the condition of the ropes. 

For the daily inspection, he should stand at the head of the shaft 
where he can see and feel the rope as it is hoisted past him at a speed 
of not more than 50 feet per minute. He must inspect one rope 
at a time, examining it and its connections carefully. He must 
note the amount of wear of the wires, the stretching of the rope, 
broken wires, etc., and as soon as he finds dangerous conditions 
the rope must be replaced. 

Special attention should be paid to the rope just above the socket; 
at the clamps and safety clamps, if these are used; where the rope 
rests on the sheave, and where it leaves the drum at each end of the 
hoist. 

RULES FOR DISCARDING ROPES. 

No standard rules for discarding ropes have been made; they vary 
with different conditions and in different localities. Various rules for 
discarding ropes are based on (a) the stretch of the rope, (6) the 
number of broken wires in a given length of rope or of the entire 
rope, (c) the amount of wear of the wires at the crown of the strands, 
(d) the length of time the rope has been in service, (¢) the number of 
trips, (f) the tonnage, or (g) the ton-miles hoisted by the rope. 

In the absence of more definite rules for discarding ropes, according 
to American practice, the following, quoted from “ Rules and Regu- 
lations for Metal Mines,’’¢ are suggested: 

Safety factors must never fall below 4.5. Ropes of standard construction shall be 
discarded when there are six broken wires in one rope lay, when wires on crown are 
worn to 65 per cent of their original diameter, when there are more than three broken 
wires reduced by wear more than 30 per cent in cross section, and when marked 
corrosion appears. 

Whatever rules are made, they should always err on the side of 
safety rather than on the side of a long life for the rope. The cost of 
even a slight accident will almost always be greater than the cost of 
anew rope. 


a Ingalls, W. R., Douglas, James, Finlay, J. R., Channing, J. Parke, nina Hamniona, John Hays, 
Rules and regulations for metal mines: Bull. 75, Bureau of Mines, 1915, p. 88. 
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